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IN THE SPECIFICATION: 

Please delete the paragraph at page 1, lines 4-7. 

Please insert the following new paragraph at page 1, immediately below the title: 
CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a divisional (and claims the benefit of priority under 35 USC 120) of 
U.S. application serial no.09/978,758, filed October 16, 2001, which claims priority to and is a 
continuation-in-part of PCT/JP0 1/0 1082, filed February 15, 2001, which claims priority from 
Japanese Application 2000-43506, filed February 16, 2000, and Japanese Application No. 2000- 
374593, filed December 8, 2000. The disclosures of the prior applications are considered part of 
(and are incorporated herein by reference in their entirety) the disclosure of this application.- 
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<400> SEQUENCE: 16 

agtactagta ttactgggct gtgtaccc 28 



<210> SEQ ID NO 17 
<211> LENGTH: 36 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Artificially synthesized primer sequence 
<400> SEQUENCE: 17 

agaccatgga tccaatgtat ccagatttaa aaggaa 36 



<210> SEQ ID NO 18 
<211> LENGTH: 27 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Artificially synthesized primer sequence 
<400> SEQUENCE: 18 

gaatctagat taaccgcggc ctgcctg 27 



<210> SEQ ID NO 19 

<211> LENGTH: 42 

<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Artificially synthesized primer sequence 

<400> SEQUENCE : 19 

ctttctagag gaattcaacc atggcaaaag ttctgtgtgt tc 42 



<210> SEQ ID NO 20 
<211> LENGTH: 34 
<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Artificially synthesized primer sequence 
<400> SEQUENCE: 20 

cagtctagat tagaccgctt ttttgaattt ggcg 34 



What is claimed is: 4. The polypeptide of claim 3, wherein said amino acid 

1. A substantially pure protein having activity of (R)-2- sequence is at least 80% identical to SEQ ID NO:2. 
octanol dehydrogenase and encoded by a polynucleotide of 5. The polypeptide of claim 3, wherein said amino acid 
(a) to (d) below: sequence is at least 90% identical to SEQ ID NO: 2. 

z \ , • • *i_ 6. The polypeptide of claim 3, wherein said amino acid 

< a > a f g^SJ com P nsin e the nucleotlde se <i uence sequence I at least 95% identical to SEQ ID NO:2. 
ot 5liU iu NU.l, 7. A substantially pure polypeptide comprising the amino 

(b) a polynucleotide encoding a protein comprising the ac id sequence of SEQ ID N0:2 with up to 50 conservative 
amino acid sequence of SEQ ID NO:2, 55 amino acid substitutions, wherein said polypeptide has (R)- 

(c) a polynucleotide hybridizing under stringent condi- 2-octanol dehydrogenase activity. 

tions with a polynucleotide comprising the nucleotide 8 - Th e polypeptide of claim 7, wherein the number of 

sequence of SEQ ID NO l and conservative amino acid substitutions is up to 30. 
y »v 1 « . • j ' . .j 9. The polypeptide of claim 7, wherein the number of 

(d) a polynucleotide encoding an ammo acid sequence conservat 4 ^ acid substitutions is up to 10. 
havmg not less than 70% homology to the ammo acid 60 10 ^ po i ype p tide of c i aim 7, wherein the number of 
sequence of SEQ ID NO:2. conservative amino acid substitutions is up to 3. 

2. A substantially pure polypeptide comprising the amino xi. An isolated polypeptide comprising the amino acid 
acid sequence of SEQ ID NO:2, sequences of SEQ ID NO: 3, SEQ ID NO: 4, and SEQ ID 

3. A substantially pure polypeptide comprising an amino NO: 5, wherein said polypeptide has (R)-2-octanol dehy- 
acid sequence at least 70% identical to SEQ ID NO:2, 65 drogenase activity. 

wherein said polypeptide has (R)-2-octanol dehydrogenase 12. The polypeptide of claim 11, wherein the polypeptide 

activity. is derived from a microorganism of the genus Pichia. 
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13. An isolated (R)-2-octanol dehydrogenase enzyme 
comprising the amino acid sequences of SEQ ID NO: 3, 
SEQ ID NO: 4, and SEQ ID NO: 5, wherein said enzyme has 
an oxidizing activity that 1) produces ketone by oxidizing 
alcohol using oxidized form of p -nicotinamide adenine 
dinucleotide as a coenzyme; and 2) of the two optical 
isomers of 2-octanol, preferentially oxidizes (R)-2-octanol. 

14. The enzyme of claim 13, wherein said oxidizing 
activity has an optimal pH of about 8.0 to about 11.0. 

15. The enzyme of claim 13, wherein said oxidizing 
activity shows higher activity on secondary alcohols than on 
primary alcohols. 

16. The enzyme of claim 15, wherein said oxidizing 
activity shows significantly higher activity on (R)-2-octanol 
than on 2-propanol. 

17. An isolated (R)-2-octanol dehydrogenase enzyme 
comprising the amino acid sequences of SEQ ID NO: 3, 
SEQ ID NO: 4, and SEQ ID NO: 5, wherein said enzyme has 
a reducing activity that produces 1) alcohol by reducing 
ketone using reduced form of p -nicotinamide adenine 20 
dinucleotide as a coenzyme, and 2) (S)-4-halo-p- 
hydroxybutyric acid esters by reducing 4-haloacetoacetic 
acid esters. 

18. The enzyme of claim 17, wherein said reducing 
activity has an optimal pH of about 5.0 to about 6.5. 

19. An isolated (R)-2-octanol dehydrogenase derived 
from Pichia finlandica having the following physicochemi- 
cal properties (1) to (4): 

(1) action 

i) the enzyme produces ketone by oxidizing alcohol 30 stitutions 
using an oxidized form of (3 -nicotinamide adenine 
dinucleotide as a coenzyme, and 
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ii) the enzyme produces an alcohol by reducing a 
ketone using a reduced form of p-nicotinamide 
adenine dinucleotide as a coenzyme; 

(2) substrate specificity 

i) of the two optical isomers of 2-octanol, the enzyme 
preferentially oxidizes (R)-2-octanol, and 

ii) the enzyme produces (S)-4-halo-3-hydroxybutyric 
acid esters by reducing 4-haloacetoacetic acid esters; 

(3) optimal pH 
optimal pH for the oxidation reaction ranges from 8.0 

to 11.0, and that for the reduction reaction ranges 
from 5.0 to 6.5; 

(4) substrate specificity 

i) the enzyme shows higher activity on secondary 
alcohols than on primary alcohols, and 

ii) the enzyme shows significantly higher activity on 
(R)-2-octanol than on 2-propanol. 

20. A substantially pure polypeptide consisting of the 
amino acid sequence of SEQ ID NO:2. 

21. A substantially pure polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 2 and having up to 10 
amino acid deletions, additions, insertion, or substitutions, 
wherein said polypeptide has (R)-2-octanol dehydrogenase 
activity. 

22. The substantially pure polypeptide of claim 21, having 
up to 3 amino acid deletions, additions, insertion, or sub- 
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1 regeneration ofNADPH, which is exp.ns.ve and ehem.ee.., 

disadvantageous. m.enzvme-1 . D-enzyme-2, J. Am. 

. Some reductases derived from baker s yeast." 

.M. (Enzvme Microb. Techno.. 14, 731-738, 19 W 
. carbon, — ^^^^"S.U 
. p.Ke t oacyl-acyl carrier protein reductase as one of fatty a 
(JP-A 2000-189170) 

from /-seWMonnssp.PEDtJ. Org. u. , 04 ADH) as a electron donor, these 

enzymes are industrially disadvantageous because the actmty of tea 
( SH-halo-3-hydroxybutyric acid esters is low. ^.hydroxybutyric aeid 



substances of ofloxacin ((S)-(-)-9 Auoro y 62-252790), 

3„ which is synthetic antibactenal drugs. How to get ( y 

^omersofd.e.ec.mpoundsisindusuia.lyimponantproblem. 



10 



15 



20 



25 



esterase (JP-A He. 03-183489) ^ acy i ated 

processes are complicated. , ln „ ofaC e,onyloxybenzene derivatives using 

pont.es ean be obtamed by y ^ was reporttd » synto » 

produced by Candida magnohae ' or more . However, this 

carbonyl reductase uses NADPH as a co vme quires addition and regeneration of 



SUMMARY 

• t^nrovide novel enzymes that can reduce 

present invention is to prov.de methods P • 

,„ addition, an objechve of dre present ^ ^ ^ 

produce optic* higbiy pure «*TT^ZLu>H as a coenzyme. Furttenrtore, 

,„ objoctive of .be present invention ,s to provtde me. ods o P 
< R >propo*yben*nede„va,^ 

n. presen. inventors thoueht Ota, *°* _ ^ 

Ccctron donor was useful for indusma. use. NADH , cheap 
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than NADPH. To discover enzymes that can effectively produce optically active (S)-4-halo- 

3- hydroxybutyric acid esters, the present inventors screened for alcohol dehydrogenase 
which has high activity on (R)-2-octanol, which has the same configuration as that of 
(S)-4-halo-3-hydroxybutyric acid esters and which has long chain as long as that of 

4- haloacetoacetic acid esters. 

Previous findings reported the enzymes derived from Comamonas terrigena, Pichia 
sp. NRRL-Y-11328, and pseudomonas sp. SPD6 as secondary alcohol dehydrogenases that 
can oxidize (R)-2-octanol stereoselectively and have activities to produce 2-octanone. 
However, no report has been made that these enzymes can reduce 4-haloacetoacetic acid 
esters and produce (S)-4-halo-3-hydroxybutyric acid esters. Activities to produce (S)-4-halo- 
3-hydroxybutyric acid esters by reducing 4-haloacetoacetic acid esters whose carbonyl group 
is bound to bulky side chains are expected to be low because activities of these enzymes for 
(R)-2-octanol are not significantly higher than activities for secondary alcohol like 
2-propanol, which has short side chains. 

Therefore, the present inventors screened widely for microorganisms that possess 
enzymes having ability to oxidize (R)-2-octanol preferentially. As a result, they have 
discovered that the microorganisms belonging to the genera below possess enzymes having 
ability to oxidize (R)-2-octanol preferentially: 

Genus Pichia 

Genus Candida 

Genus Ogataea 

Specifically, microorganisms below are found to possess enzymes having ability to 
oxidize (R)-2-octanol preferentially. 

Pichia finlandica 

Pichia jadinii 

Candida utilis 

Ogataea wickerhamii 
Moreover, the present inventors cultivated these microorganisms and purified 
enzymes that can oxidize (R)-2-octanol from the microorganisms. As a result of examination 
of properties of these enzymes, the enzymes were found to oxidize (R)-2-octanol highly 
stereoselectively and, furthermore, to oxidize many secondary alcohols other than 



